Abstract: A series of sulfur nanoparticles (SNPs) was synthesized by wet chemical precipitation method. In this process the initial precursor sulfur powder was heated with poly ethylene glycol-600 (PEG-600) and each of six imidazolium protic ionic liquids (PILs) 
Introduction
Through a simple literature survey, it is noted that the non-metal sulfur (S) in bulk, nano and micro, finds extensive technological applications such as in the production of sulfuric acid, plastics, enamels, antimicrobial agent, insecticide, fumigant, metal glass, cements in manufacture of dyes, phosphate fertilizers, gun-powder and in the vulcanization of rubber, etc. [1] [2] [3] [4] . Sulfur also has a wide range of applications in the agricultural area like acting as a fungicide against apple scab disease in the cold conditions. Sulfur is considered as a highly efficient pesticide against the diseases like mildew, blackspot which destroys agriculture and vegetables [5] [6] [7] [8] [9] [10] [11] .
Sulfur nanostructures are used in the synthesis of sulphur nanocomposites which are used in lithium batteries 8, 9 , Metal sulphur compounds like ZnS and CdS plays a very important role in non linear optical and electroluminescent devices [12] [13] [14] [15] [16] [17] . The conventional synthesis of SNPs through microemulsion method, which is one of the most important RESEARCH ARTICLE method has certain disadvantages too, that the method is complicated, separation and purification of the particles from the microemulsion, the need of oil, huge amount of surfactant, co-surfactant etc. From the view of green chemistry and large-scale production, it is necessary to develop a simple, efficient and environment-benign route for the synthesis of SNPs with controllable size and morphology.
Ionic liquids (ILs) have received the attention as alternative solvents and stabilizers for nanomaterials synthesis, because of their general ease of synthesis, stability (nonflammable, thermally stable) and low vapor pressures. Ionic liquids are having low interfacial tension which allows them to adapt to the surrounding reaction media and their relative solubility may be tuned by varying their cations and anions 18 . A huge numbers of nanostructured materials are synthesized by using ionic liquids as precursors [19] [20] [21] . Imidazolium ionic liquids posses pre-organized structures through mainly hydrogen bonds which induce structural directionality. The unique combination of adaptability towards other molecules and phases leads to ionic liquids as potential key tools in the preparation of a new generation nanostructures.
Due to the higher advantages of ionic liquids, we use imidazolium based protic ionic liquids (PILs) for SNPs synthesis. This paper imparts the new path for the synthesis SNPs. By using these SNPs as precursor ZnS & CdS are prepared.
Experimental
2-Methylimidazole, 1-ethylimidazole, 1-butylimidazole, lactic acid, glycolic acid, sulphur powder, sodium borohydride, PEG-600 are purchased from Sigma-Aldrich and used as received without further purification. Cadmium sulphate and zinc acetate with AR quality are also purchased.
Synthesis of imidazolium protic ionic liquids
The equimolar mixture of the precursor Bronsted acids (hydroxy carboxylic acids) and Bronsted bases (substituted imidazoles) were taken in a reacting vessel and stirred for an hour using magnetic stirrer and then it was placed in a microwave and irradiated 22 . The protic ionic liquids are formed according the Scheme 1. The yellow color mixture was stirred on a magnetic stirrer for 6 hours. Then the mixture was heated to about 120 o C for 1 h. After cooling the mixture to room temperature, the product was washed with water and ethanol and then filtered.
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Characterization
The absorption spectrum was recorded by using Perkin Elmer Lambda 35 Spectrometer and the energy band gap was calculated by employing the direct formula 13 E g 0 (eV) = 12397.8 /λ max (Å) where E g 0 is an energy band gap and λ max is the wavelength at which maximum absorption is shown. The FT-IR spectra were recorded using the Jasco (FT-IR 460) spectrometer.XRD was performed by using XPERT -PRO diffractometer which utilized Cu -Kα(1.5406 Å).SEM images were obtained from VEGA3-TESCAN instrument. The TGA and DTA measurements were carried out by using Perkin Elemer/TGA4000 analyzer.
Results and Discussion
All of the synthesized PILs act both as solvent and stabilizer (because of their relative solubility). The PILs itself can perform as an electronic as well as a steric stabilizer and thus can lower particle growth. The imidazolium cation of the PILs can interact with the sulfur particles more than of the anions (lactate and glycolate). Thus the imidazolium cations strongly coordinate with the sulfur thereby forming layer around SNPs. Hence they can prevent the close contact of the SNPs. Thus the synthesized SNPs are small in size.
The size of the SNP synthesized from [1bim] CH 2 (OH)COO-) (from Table 1 ) is small compared to other SNPs. which can be explained by the fact that longer the alkyl chain results higher stabilization ability and hence lower will be the size of SNP. Furthermore for the weakly coordinated anion, the size of the nanoparticles increase with increasing molecular volume (or size) of the (weakly) coordinating anion. Hence PILs with glycolate having smaller size when compare to lactate anion (Table 1) . ) respectively. But the precursor sulfur powder has the absorption maximum of 224.9 nm. As shown in Figure 1 .
The optical properties of SNPs are determined by knowing the band gap energy of SNPs. From the absorption peaks, the optical energy band gap was calculated by using the formula E g 0 (eV) = 12397.8 /λ max (Å) and it is compiled in Table 2 . It is clear that the calculated band gap values of the SNPs are slightly blue shifted from that of the precursor sulfur. The increase in band gap compared to precursor sulfur is due to the size effect. The Formation of SNPs is also confirmed by FT-IR analysis and it is shown in Figure 2 . The SEM analysis of SNPs reveals that due to the use of various PILs all the synthesized SNPs has different shapes (Figure 4) . Thus the morphology of the SNPs is tuned by the PILs. The EDAX analysis confirms that the SNPs posses purely sulfur with contains no other elemental impurities ( Figure 5 ). 
Element
Weight% Atomic% S 100.00 100.00 Totals 100.00 
